Introduction Controversy exists concerning the importance of operative time on patient outcomes. It is unclear whether faster is better or haste makes waste or similarly whether slower procedures represent a safe, meticulous approach or inexperienced dawdling. The objective of the present study was to determine the effect of operative time on 30-day outcomes in laparoscopic surgery. Methods Patients who underwent laparoscopic general surgery procedures (colectomy, cholecystectomy, Nissen fundoplication, inguinal hernia, and gastric bypass) from the ACS-NSQIP 2005-2008 participant use file were identified. Exclusion criteria were defined a priori to identify same-day admission, elective procedures. Operative time was divided into deciles and summary statistics were analyzed. Univariate analyses using a Cochran-Armitage test for trend were completed. The effect of operative time on 30-day morbidity was further analyzed for each procedure type using multivariate regression controlling for case complexity and additional patient factors. Patients within the highest deciles were excluded to reduce outlier effect.
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Introduction Controversy exists concerning the importance of operative time on patient outcomes. It is unclear whether faster is better or haste makes waste or similarly whether slower procedures represent a safe, meticulous approach or inexperienced dawdling. The objective of the present study was to determine the effect of operative time on 30-day outcomes in laparoscopic surgery. Methods Patients who underwent laparoscopic general surgery procedures (colectomy, cholecystectomy, Nissen fundoplication, inguinal hernia, and gastric bypass) from the ACS-NSQIP 2005-2008 participant use file were identified. Exclusion criteria were defined a priori to identify same-day admission, elective procedures. Operative time was divided into deciles and summary statistics were analyzed. Univariate analyses using a Cochran-Armitage test for trend were completed. The effect of operative time on 30-day morbidity was further analyzed for each procedure type using multivariate regression controlling for case complexity and additional patient factors. Patients within the highest deciles were excluded to reduce outlier effect.
Results
A total of 76,748 elective general surgical patients who underwent laparoscopic procedures were analyzed. Univariate analyses of deciles of operative time demonstrated a statistically significant trend (p \ 0.0001) toward increasing odds of complications with increasing operative time for laparoscopic colectomy (n = 10,135), cholecystectomy (n = 37,407), Nissen fundoplication (n = 4,934), and gastric bypass (n = 17,842). The trend was not found to be significant for laparoscopic inguinal hernia repair (n = 6,430; p = 0.14). Multivariate modeling revealed the effect of operative time to remain significant after controlling for additional patient factors. Conclusion Increasing operative time was associated with increased odds of complications and, therefore, it appears that speed may matter in laparoscopic surgery. These analyses are limited in their inability to adjust for all patient factors, potential confounders, and case complexities. Additional hierarchical multivariate analyses at the surgeon level would be important to examine this relationship further.
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The importance of operative time on patient outcomes in laparoscopic surgery remains controversial. Operative time is the result of a complex interaction of patient and provider factors and, at present, there is a paucity of data to examine how the length of a procedure impacts outcome in laparoscopic surgery.
It is not known whether longer operative times represent meticulous attention to technique and thereby would reduce complications or whether a longer duration of surgery indicates intraoperative difficulties that would predict increased postoperative complications. Similarly, it is not clear whether shorter operative times represent advanced skills and a smooth intraoperative course or potentially less attention to detail that may place a patient at risk for complications.
With increasing importance being placed on operative time to track performance and allocate resources, a better understanding of the relative importance of operative time on the quality of patient care is needed. The objective of the present study was to determine the effect of operative time on 30-day outcomes in elective laparoscopic general surgery procedures.
Methods

Study design
The American College of Surgeons-National Surgery Quality Improvement Program (ACS-NSQIP) is a prospective, multi-institutional, cohort study for collecting rich clinical data on patients undergoing surgical procedures in private sector hospitals. Data are collected on preoperative, intraoperative, and postoperative variables, including 30-day outcomes. ACS-NSQIP methodology has been described in detail previously [1] [2] [3] [4] [5] . Exclusion criteria were defined a priori to identify only same-day admission, elective cases within the dataset. Patients who were identified as having an emergency procedure, ASA class 4 or 5, admission date not equal to procedure date, admission from another healthcare facility, wound classification of IV (dirty or infected), sepsis or SIRS, COPD, chronic steroid use, disseminated cancer, ascites, recorded DNR status, 10% weight loss in previous 6 months (except in bariatric patients), radiation therapy, or known bleeding disorder were excluded. Cases in which any component of operative time was missing were excluded from the analysis (7 patients).
Variable selection NSQIP collects data on five time intervals surrounding surgical procedures: duration from anesthesia start to surgery start; duration from surgery stop to anesthesia stop; duration that was in the operating room; duration of anaesthesia; and total operative time (''skin to skin'' time). Total operative time measured in minutes was used for analysis. Variables for total number of complications were created for each patient. This included the aggregate sum of any surgical complication recorded in the NSQIP database during the 30-day follow-up period.
Statistical analysis
Summary statistics were performed to define the study population. By procedure type, the patients were divided by deciles of total operative time. The 30-day outcomes were measured by presence or absence of a complication and number of complications per procedure. Number of complications per procedure was plotted against deciles of operative time for each procedure type to reveal trends. Univariate analyses using a Cochran-Armitage test for trend were then completed to assess for statistical significance.
Multivariate regression was used to assess the effect of operative time on 30-day outcome while controlling for additional available patient factors in the database. Stratified by procedure type, variables that may confound or modify the relationship of operative time on number of postoperative complications were considered. A forward stepwise approach was used to build the regression models. The dependent variable was the number of complications per patient, and the independent variables are the operative time and additional preoperative patient characteristics. Any independent variables that had a univariate relationship with complication rates at the p \ 0.2 level of significance were included in the model as potential confounders. Only variables that remained significant at p \ 0.05 within the models were included.
For the regression modeling, patients within the tenth deciles of operative time were excluded to reduce potential outlier effects. The models were assessed for calibration using the Hosmer-Lemeshow goodness-of-fit test and discrimination using the c-statistic. Models are presented in tables with adjusted odds ratio, 95% confidence interval, and p value. Sensitivity analyses using operative time as both a continuous variable and as deciles were conducted. All analyses were performed using STATA v9.0 (Stata Corp, College Station, TX).
Results
The study population consisted of 76,748 patients who underwent elective laparoscopic general surgical procedures. This included 17,842 LRYGBs, 10,135 laparoscopic colectomies, 37,407 laparoscopic cholecystectomies, 4,934 laparoscopic Nissen fundoplications, and 6,430 laparoscopic inguinal hernia repairs. Demographic and patient characteristics are listed in Table 1 . Percentage of patients with cardiovascular, pulmonary, renal comorbidities, and diabetes was highest in the LRYGB group.
The operative times (mean ± SD) and complication rates for were 140 ± 57.14 min and 6.63% for LRYGB, 159.89 ± 64.10 min and 13.7% for laparoscopic colectomy, 63.14 ± 33.73 min and 2.64% for laparoscopic cholecystectomy, 134.45 ± 59.73 min and 3.97% for laparoscopic Nissen fundoplication, and 67.06 ± 33.71 min and 1.62% for laparoscopic inguinal hernia (Table 2) . Univariate analyses of deciles of operative time using the Cochran-Armitage test demonstrated a statistically significant trend (p \ 0.001) toward increasing odds of complications with increasing operative time for LRYGB, laparoscopic colectomy, laparoscopic cholecystectomy, and laparoscopic Nissen fundoplication. The trend was not found to be significant for laparoscopic inguinal hernia repair (p = 0.14). Figure 1 demonstrates number of complications per procedure plotted against deciles of operative time for each procedure type.
Multivariate regression
Multivariate regression modeling revealed that increasing operative time remained significantly associated with 30-day morbidity when additional patient factors were controlled for patients who underwent laparoscopic RYGB, colectomy, cholecystectomy, and Nissen fundoplication but not in patients who underwent laparoscopic inguinal hernia repair. The regression models are presented in Table 3a -e.
For patients undergoing LRYGB (Table 3a) , operative time and five preoperative variables (age, dialysis, BMI, CHF, and hypertension) were found to be significantly associated with increased 30-day postoperative complications. For the laparoscopic colectomy patients (Table 3b) , the model included operative time, ASA class, smoking, dyspnea, body mass index (BMI), and hypertension. Within the laparoscopic cholecystectomy model (Table 3c) , operative time and age, ASA, BMI, and CHF were included. Only operative time and age were found to be significantly associated with increased odds of 30-day postoperative complications in the laparoscopic Nissen fundoplication model (Table 3d ). Operative time was not found to be significant in the laparoscopic inguinal hernia model (Table 3e) . Hosmer-Lemeshow goodness-of-fit testing was not significant for the LRYGB, laparoscopic colectomy, laparoscopic cholecystectomy, and laparoscopic inguinal hernia models but was significant for the laparoscopic Nissen fundoplication model. In addition, the effect of operative time on postoperative wound infection rates was examined within a multivariate model. Increasing operative time was independently associated with increased wound infection rates for LRYGB, laparoscopic colectomy, and laparoscopic cholecystectomy. The impact of level of training of surgical assistant also was explored. The odds of having a trainee as an assistant increased with each decile of operative time, although this trend was significant only within the laparoscopic colectomy group.
When operative time was modeled as both a continuous variable and as deciles during sensitivity analysis, the effect of operative time remained significant. Furthermore, the findings did not change when the dependent variable was substituted with any versus no complications as the outcome of interest. When comparable, open RYGB, colectomy, and cholecystectomy patients were analyzed, similar results were found (data not shown).
Discussion
In this analysis of 76,748 patients, increasing operative time was independently associated with increased odds of complications in several laparoscopic elective general surgical procedures, including RYGB, colectomy, cholecystectomy, and Nissen fundoplication. This relationship was found to remain statistically significant after risk adjustment to control for additional patient factors.
Several authors have examined the relationship of operative time on outcome in general surgery patients with conflicting findings. In a recent study by Scheer et al. [6] , the relationship of operative time on outcome for patients who underwent laparoscopic colon surgery was examined. The authors found no significant association, although identified that patients with procedures longer than 270 minutes did have increased number of complications. This time length corresponds to the highest decile of procedure length in our study, which also was noted to have increased complications. Furthermore, we identified the trend toward increased odds of complications in laparoscopic colectomy patients to be persistent even after excluding the highest decile from our analysis to reduce outlier effect.
Using ACS-NSQIP data, Campbell et al. [7] , demonstrated that hospitals that were high outliers for surgical site infections had longer surgery times compared with those hospitals that had shorter operative times; this finding is consistent with our results. In our analysis, we also were able to identify a statistically significant positive association between procedure length and wound infection rates for LRYGB, laparoscopic colectomy, and laparoscopic cholecystectomy.
Sandblom et al. examined patient outcomes in open hernia repair and identified shorter procedure time (\20 min) as being associated with increased risk of reoperation, recurrence, and persistent pain [8] . Although we could not examine these specific endpoints, our findings do contradict their conclusion because we show that shorter operations are associated with lower complication rates. In fact for any procedure type, we could not identify a negative effect of shorter procedure duration on 30-day patient outcome.
Other studies have found no relationship between operative time and patient outcome. Liverani et al. [9] performed a review of 250 open ''clean'' and ''clean-contaminated'' abdominal surgeries and found no association between length of procedure and number of septic complications, anastomotic dehiscence, or length of stay. Dexter et al. [10] , reviewed complication rates in laparoscopic The complication rates were found to be 9% and 3.8%, respectively, although this difference failed to achieve statistical significance. Both studies were retrospective, single-institution case series and lacked large sample sizes required to detect differences in procedures with relatively low complication rates. Our study is unique in that we have identified a significant association between increased procedure time and number of complications across many different elective laparoscopic procedures, using data from 211 hospitals and including 76,748 cases. The low complication rate within the laparoscopic hernia group likely contributed to failure of operative time to achieve statistical significance in this group of patients. While we have identified an association, a more complete appreciation of how procedure duration influences patient outcome is needed. This will require an understanding of all factors that may contribute to operative time, including surgical expertise, case complexity, presence of learners, extent of teaching, interaction of surgical teams, and more. This study has several important limitations. An ideal study perhaps would compare the outcomes of faster and slower surgeons rather than compare the outcomes from fast or slow cases. However, surgeon level data were not available. Recognizing that there are likely other factors beyond the individual surgeon that contribute to operative time, additional hierarchical data are needed to further delineate the relationship between procedure time and outcome. Similarly, because hospital effects can have an impact on operative time, multilevel modeling, including hospital level data, also could be important but was not available. Our analysis was limited by the variables available within the ACS-NSQIP database, and so we could not adjust for all potentially important patient factors and confounders. In addition, cases were determined by CPT codes, and variability of coding techniques and types of procedures within specific codes could not be taken into account. We also were not able to account for cases that were converted to open, which may be another potential source of information bias. Furthermore, our follow-up was limited to complications occurring within 30 days of the procedure. Our results indicated that the number of complications that a patient experiences increases with increasing operative time for several laparoscopic general surgery procedures. For this reason, operative time does seem to matter in laparoscopic surgery and may be considered a potentially important determinant of patient outcome. To further characterize and quantify the relative importance of operative time in laparoscopic procedures, additional hierarchical multivariate modeling with surgeon level data is required.
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